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■^ieT^ETES MANAGEMENT SYSTEM AND METHOD FOR CONTROLLING BLOOD GLUCOSE 



(57) Abstract 

A diabetes management system for predicting a future 
blood glucose value of a patient and for recommending a 
costive action to the patient when the future blood glucose 
value lies outside of a target range. The system includes a 
i"perated apparatus for measuring blood glucose values 
STTEng £ relating to insulin doses administered to 
the patient. Tne apparatus predicts the paUen s future blood 
Plucose value based upon the patient's current blood glucose 
value the fraction of insulin action remaining from the ma. m 
doses and the patient's insulin sensitivity. The apparatus also 
STes the corrective action for the patient when the predated 
blood glucose value lies outside of a target range. The system 
also includes a physician computer in communication with i the 
apparatus for receiving the blood glucose values and . insulin do e 
data and for calculating an adjusted insulin sensitivity for use in 
subsequent predictions. 
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PTABETES MANAGEMENT SVSTEM AMP METHOD EOH CONTHO^XEG 
BLOOD GLUCOSE 



FIELD OF THE INVENTION 



i rr^norallv to disease management 

The P~sent invention -Ut ^ system £or 

systems and in particu ^ ^ ^ for 

Lod glucose value lies outside of a target range. 

DESCRIPTION OF PRIOR ART 

Insu lin dependent diabetes melHtus ,n», ij ™ - 

. *.«ruction o£ the insulin producing islets or u « 
1Iimu ne destructi r enC cherapy is the interim 

^ Tent o ODM ttil such time as islet transplants become 
nsnlin lowers the concentration o £ glucose in the 
TZ, »hile food raises the concentration of ^^o* and 

mv, r-hallenae of insulin therapy is to administer roo 
Zl in a™lich maintains blood glucose concentrations 
Tan acceptable range, thereby avoiding hypoglycemia and 
hyperglycemia. 

Hyperglycemia has adverse long ten, consoles (or the body. 
Zs e clnseguences include hidney da^ge leading o ^ 
failure micro-enurisms in the retina causing blindness, 

: , of capillaries in the extremities causing an inability 
I TwoLds and subseguent gangrene. Hypoglycemia nas an 
ridiridrerae conse^ence of reduced brain runcnon which 
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15 



20 



5 leads to confusion and an inability * n 

- - — .. ::::: *~ ~ ; ™, 

^H^t^^LT"- patients " as r — — 

10 six hours, so tha p ZZ7s ™ S lnSUlin l55tS *« <*«t 

developed by binding reoular in , aCtin9 inSulin »=s 

Regular ln suli„ aissoc^es T * "* Z ™- 

-ending insulfn acU ^ eT I ^T^" 6 "* ^ 
insulin and t„enty- £ our hours Tr ^Z JZ^T^ ^ 
-Joyed reducing injections „ one p^^™ 1 "- 

The development of portable hl,wi i 

develop o £ ^J^^Z ^ ^ — d the 
of these regimens is the splrt/mi 7 re91mans ' °™ 

daily doses of mixed '7 t '™ ^ CMSiStS ° f t »° 

15 taken before breakfast intermediate acting insulins 

6 Dre aKfast and dinner. These f™„ • 
components are adjusted using blood gtcose^uT 
each meal and at bedtime Patient ™asured before 

are reared to eat J^J^^* 

-e four insulin components ZylZlZ ■ "> *° 

J pattern over time. adapted to the consistent meal 

The split/mixed regimen has the advantage of • 

adjustment of i„ sulin doses for ° f all °«ng independent 

injections per day. However it Li ^ tW 

are primarily due to the " „ S * Veral ""Stages which 

The intermediate acting i^ r aCCinS inSUU " «^nents. 

mnch time and pre^erT lZ XllTTJ^ 

commit to the size and f • ■ 9iucose ' requrrmg a patient to 

The broad actio, o "he T ^ ^ ^ 

Hypoglycemia before T " « * 

lunch is varied. similarlv the timin9 ° f the 

before dinner r^^' ^™"-' dUt ' a9ti " 9 ^ taken 

^t^ate nocturnal ft "h " ™* " ^ <° 

TO giycem la . Ev en when a snack is g a ten , the 
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5 



in.er.edi.te acting insuHn ney cause hypoglycemia around 3 m 
when its action peaks. 



M a„y of the disadvantages of the split/mixed regimen are overcome 
in I second insulin therapy regrmen called the basal/bolus 

n The basal/bolus regimen attempts to emulate the method 
10 "h - Intlct pancreas controls blood glucose. Normally, the 
- ,t nancreas produces a steady supply of basal rnsulrn to 

:: 1:1:: i — , needs. r - r 

meals by releasing a sharp i^ulse of bolus rnsulrn m a first 
15 Phase The sharp i^ulse of bolus insulin raises circulating 
Insu in levels mediately. The first phase is 
u t ined level of heightened insulin release in a second phase. 
The second phase continues until the body's bloo * 
concentration falls back to normal, at which pornt base! 
20 are obtained once again. 

in the basal/bolus regimen, the basal insulin releases are 
llaL by two daiiy basal inactions of « 
insulin, such as Lente or Neutral Protamrne Hagedorn (NPHI , 
25 9 ene 1 y taken before breakfast and at bedtime. The bolus 

£ Un releases are elated by bolus inactions of regu o 
fast acting lispro insulin taken before each meal Fast acting 
Uspro insulin allows the bolus injections to emulate the first 
chase action of the pancreas better than regular rnsulrn by 
3„ n::: the delay before the insulin injection takes e«ect and 
by shortening the overall duration of the rnsulrn s aotron. 

Thus the basal/bolus regimen generally includes four insulin 
7Z per day consisting of a pre-breakfast dose of -termedrate 

35 tnsulin coined with regular or lispro insulin, pre-lunch and 
p: -d aner doses of regular or lispro insulin, and a 
If intermediate insulrn. The two basal insulin doses accommodate 
L ZZ insuiin needs of a patient absent any perturbatrons due 
o food. Pood is handled by the bolus insulin doses which the 

ao P atient attests to tailor to the amount of food to be eaten. 

Problems arise rn the basal/bolus regrmen when a patient 
incorrectly estimates the dose of bolus rnsulrn regurred for a 

Lai *» ^ ^» — *• *^ to aeveiop 
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hyperglycemia, while too much insulin causes the patient to 
develop hypo.lyce.nia. Hypoglycemia or hyperglycemia .ay also 
result when the size o £ the meal is varied without adeguate 
adjustment of the bolus insulin dose. Patients using the 
basal/borus regimen are typically regoired to eat substantially 

adaote7t me t ? ^ "° ^ ^ *— -» * 

adapted to the consistent meal pattern over time. 

several electronic diabetes management systems have been developed 

is mzi r in the ^—^^ 0* the S pii t/ndxed ° p 

5.019.974 issued to Beckers on May 28, 1991 . Beckers describes 
master center for developing a therapy program for a pati n and 
for downloading the therapy program to a patient-operated 
recorder The recorder reminds the patient of any therapy due and 
20 records that the therapy has been performed by the patienl. " 
from the recorder is suhseguently fed back to the master colter 
to improve or alter the therapy program. 

in using Backers' system, a patient »st strictly adhere to the 
to be effective. To Mke any therapy aa , m ^ » 
-»t upload data to the master counter., wait for the therapy ' 
adjustments, and strictly follow the adjusted guidelines. Thus 

30 with no flexibility for adjusting the therapy program to meals of 
varying size or timing. 

C ° nSlStent Plan ^ e " remely —«« 

for diabetes treatment or weight loss. Rarely can a patient stick 
35 to a predetermined meal plan every day of his or her Le 

conseguently. Beckers' system is ineffective for assisting the 

ZZr " C ° nt h rOUin9 M °° d - voiding hypoglycemia or 

hyper 9 i when the patient deviates from the plan during his 

or her normal course of behavior. 

Moreover. Beckers' system lacks any mechanism for predicting the 

TuT2 T e blood 91ucose ™""°- - -us 

alert the patient to future hypoglycemia or hyperglycemia 
resulting from an unusual meal or an incorrectly estimated insulin 
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a1 Further, Beckers does not teach or 
(uture hypoglycemia or hyperglycemra . 

Moth er diabetes manage, ays., is . 

— V 100 ^. - J data relating to 

glu cose values and keys for ^ ^ The 

die t. insulin, exercise, stress, an ymp ^ ^ 

apparatus is programed to recommend rnsulrn 
based upon the data supplied. 

fortunately. Allen. J— ^ ~ Is -ted 

patl ent based upon pra-.ee hi ^ g cose ^ ^ ^ ^ 
in column 16, lines 42 44 . correct 

; uypoglycemr - hype gj ^ ^ 

Fu rther All- s sy concentrati on hased upon the 

patrent s future b S ^ ^ ^ actlon 

patient's post-meal oxoou y V , ofor - P the meal. As a 

'remaining from insulin doses rn,ec ed b re th . ^ ^ 

0 result. Allen, system ,s unah e to 1 ^ ^ ^ 
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5 OBJECTS AND ADVANTAGES OF THE INVENTION 

in view of the above, it is an object of ^ present .^.^ ^ 
provide a dxabetes management system for predicting a future blood 
glucose concentration of a patient based upon the patient's 
10 current blood glucose concentration and the insulin action 
remaining from previous insulin doses, thereby enabling the 
patient to ta*e timely corrective action to prevent hypoglycemia 
or hyperglycemia. it is another object of the invention to 
provide a diabetes management system for recommending the 
15 corrective action to the patient when the predicted blood glucose 
value Ires outside of a target range. 

These and other objects and advantages will become more apparent 
after consideration of the ensuing description and the 
20 accompanying drawings. 



SUMMARY 



The invention present, a system and method for assisting a patient 
» having diabetes mellitus in oontro lling hiood glucose. The system 
inciudes a patient-operated apparatus having a Wood gluoose meter 
for.measuring a. blood sample of the patient and for predating from 
a measurement of the blood sample a blood gluoose value GU d > 

t7mrr ta mf e ° f 8 MOOd 9lUC ° Se """"ration of the patient at 
time t d . The apparatus also includes a user interfaoe for entering 
m the apparatus an insulin dose value I k representative of an 
insulin dose administered to the patient prior to time t d . 

The apparatus further inoludes a memory for storing maximum and 
minimum vaiues defining a target blood glucose range of the 
patient. The memory also stores a target blood g!uoose value of 
the patient within the range, an insulin sensitivity value 
representative of an insulin sensitivity of the patient and 
information for determining an insuiin action value 
representative of a fraction of insulin action refining at time t d 
from the insulin dose. 

A processor is connected to the gluoose meter, user interface, and 
memory. The processor is programed to determine the insulin 
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, p If) and to determine a future blood glucose value 

actl on value F k ( u> and to conce ntration of 

G(tj , "Preaenta .ve f » ^ determines the £uture blood 

th e n at m - ^ blood glucose va lue 

giucose value G <t 3 > in P sensitivity value, 

Gltd , , the rnsulm dose value , ^ ^ 

^nd the insulin action value F k (t d ) ■ ine f 



range . 



~n«n ic, preferably an administration of a 
I^r^rd^en the future blood glucose value OU, 
v. ,-he taroet range or a consumption of a number of grams 

l\ ^target range. The prooessor is programmed to determine 
^ °Iu ^ emli::' J., dose in dependence upon the insulin 

ensitfvity value and a difference between the ~ 
alucose value G(tj) and the target blood glucose vaiu 

!or is furtner programed to determine the number of grams 

recording the corrective action to the patient. 

The .stem also includes a healthcare provider computer in 

~~ - id te r 1-, 
— :.-~c a::: r;::::: - 

sensitivity value. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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15 FIG 



^ ™- 1 is a top plan view o£ , patient _ operated 

according to the invention PParatus 
™. 2 is a scheme block diagram of the apparatus of FIG , 
connected to a healthcare provider computeT hr lg7a 
communication network. trough a 

" "G. 3 is a sche^tic diagram of the apparatus of FIG 1 

connected to the healthcare provider computer of FIG 2 
through a connection cord 

™' 4 X\To7tT eter value CTtry " indo> " - " — - 

display of the apparatus of FIG 1 

rLa7 raP Y 11UStratinS mt ° f action 
™ S £r ° m r69Ular a " d fa st acting insulins as a 
^ctron of time after injection. 
™. 6A is a sample table showing fractions of insulin action 
remarnrng from a dose of regular insulin „t 
time points after injection corresponding 
rs a continuation of the table of FIG 6A 
«. > sample table showing fractions of insulin action 
remarnrng from a dose of fast acting insulin at 
corresponding time points after injection 
:il"°I.= hart . illUS " ati ^ »*» deluded in a computer 



FIG. 6B 
FIG. 7 



25 FIG. 8A 



program executed by the apparatus of 



FIG. 



FIG. 



FIG. 9A L S I ^"7"- ° £ th. flow chart of FIG. «. 

rs a flow chart illustrating steps included in a 
prediction program module of ^ 

the con,puter pr ° 9 ™ of 

10 i S " ;° ntinUatiOT ° f th. flow chart of FIG. 9A 



flow chart illustrating steps included in 'a graph 
program module of the com^or 

8B _ S com P ut er program of FIGS. 8A and 

DETAILED DESCRIPTION 

The present invention is a ri^w 

«°r Predicting a ^^^^Tll ^ "* ™ 
recommending to the patient a P " lent ^ f0r 

M ood gl UCOS e va lue ^Z^TZJ^Z "~ 
In the following desorioH™ 9luc °=e range, 

forth rn order to p'vrd T^""* d « ail = are set 

provrde a thorough understanding of the present 



WO 00/18293 



PCTAJS99/22586 



However at will be apparent to one of ordinary skill 
^ t t"se specific details need not be need to 

Toid unnecessarily obscuring the present rnventron. 
FIGS x . 7 illustrate a diabetes ^nage«nt syste, according to a 
jarred of the invent^ -P^- 

— T — ^ brCr co— o £ apparatus !0. 

- to be hand-held and carried » a p. r nt ^ . ^ ^ 

- . — — ~ 

the patient. 

Apparatus » includes a display « tor displaying predicted future 
Apparatus recora „ending to the patient 

biood glucose values and for ^ 
corrective actions when the future bio * pra ferably 
outside of a target blood glucose ran e^ r Play^ ^ 
. Uguid crystal d splay ^ ». - ^ ^ ^ operation 
display prompts and a menu 
of apparatus 10. 

H enu « preferably includes ;= of ; en options .follows^ 
The -DOSE- option starts a p o dure adninist ered 
insulin dose values representative of * sel£ _ inj ected by 

to the patient. Each insulrn dose rs ^f f ^ 
the patient. After injecting a dose, th patent ^ 
■DOSE' option to record in apparatu « theses ^ ^ 
type of insulin in D ected. The Tbb patie nt. The 

£ measure a current hlood glucose va u > Pa ^ 

" PREDICT" option starts a procedure for predxct.ng 
glucose value of the patient. 

nrnredure for entering in apparatus 
0 The "VALUES" option starts a ««™^" £ucure bloo d 
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5 Zllt^ "?"""" 10 " 3 heaUhCare P " Vid ~ The 

liiuicacmg a hypoglycemic threshold of 
patxeht and a hyperglycemic line 53 indicating a 
15 threshold of the patient. Apparatus ™ ™ * h f -glycemic 
transducer, such as a speaj 54 or and I al f ™ * 
whan a predicted futU re Mood gl^I Jate Ues tZ T ^ 
hypoglycemic threshold. l0 " the 

0 ' Apparatus 10 further inoli.H„= = t 

as follows. The 0 H/ 0 F ;ty de s pre^d " t^T " " *~ 

off. ^er k eys 0, !. , , J c . * » " - 

rnformatron on display 14, such as insulin dose values insulin 
types, and dates and times of inactions. The ^ k ' v , „ 

- «. ,ey is used to R S^L.^ S^T^T " 
incorrectly. The YES and NO keys are pressed in 
rvrrnnr^c- j- , Pressed m response to 

prompts on dasplay 14 which require a vec n , n 

4 lie d yes or no answer. 

The MENU key is nresspri t-o rtt ml 

y ^ Pressed to dasplay menu 46 on disDlav ia «v, 

~* - •» »™» „ t "; 

controls implemented on a touch sensitive screen. ' 



40 



g^atLleLrT^" 0 "™ TOtu. 10 in 

designed to e X ecute a computer Pr^JLT^ryZ To " 

L v :: ious caicuiations ana — ^«*cl 

described in the operation section below. 
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35 



40 



-VPaa a-der " ^ " ^ p- Lessor 22 communicates with 

though a display - v .. » flispiay teiver , 0 updates 

display driver 30 via an inte o£ micr oprocessor 22. 

microprocessor 22. 

--r:r:.::r rir 

values, supplemental insulin doses, and e V ^ 

each blood glucose value and insulin dos. value ^ 

me mory 24 with a corresponding date ^ i- • erasable 
preferably a non-volatile memory, such as 
read only memory IEEPROM) . 

apparatus 10 also includes ^^TSZ " ^-d 

preprocessor 22. Glucos e meter « » ^ produce blood 

samples received on blood glucose ^ 

gluc ose values from measurements of the b ^ ^ ^ 

gl ucose meters are well known in the art ^ 

preferably of the type which produces ^ ^ 

— ^".rrs^ ^ — — 

glucose meter 28 may o aluc ose meter 28 is 

converter (not shown) . 

apparatus 30 further includes an indent 
a serial port, which is connected to » crop 
is .nnected to a modem 32 by an a . 

RS232 interface. Modem 32 is £ ° r compute r 38 

Unk between apparatus 30 and a healthcare ^ 
trough a cogitation network 36. Mod m 3 ^ ^ ^ 

transmitting data to and receiving data from p 
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5 through communication network 36 m t-h* 

communication network 36 is a telel Pref — d embodiment, 

establishes the co telephone network and modem 32 

telephone nls ™^" 0 " ^ * C °™ 38 —h 

10 :: iiL^z: input/output p °~ - — - - * 

iicemative communication l-int- k ». 

ana ;omputer 38 chrough . data come : 4 ~r ;:rr s 10 

core ,0 is connectable to the input/output port of 

— — "= ^r^jr^r^^ 

Healthcare provider computer 38 is preferaMv „ 
located at a healthcare provider sit ^ such as I"' 
20 patient's physician H~, -..->, * ° ffice of the 

vax.es fro m apparatus „ and C J C ^ ^ *>» 
insulin sensitivity value for », VSlUes an ^justed 

,ne operation sectL b eL ""^ " ^ ^ "«**- * 

The counter program executed by microprocessor 22 < 1 „ 
equations for calculating (uture blood 3 lucose val^s 

used „ the computer program are defined as follows, 
tj, t 2 ,...t a tj t M = time points. 

■<*«> - blood glocose value representative of a biood g lucose 
concentration of the patient at time t a . 

G<Ci> = blT T 9lUC ° Se V " Ue —-tative of an expected 
blood glucose concentration of the patient at timT^ 

insulin dose value representative of an insulin dose * 

7; s T to the patient pri ° r to <*- - 

1 -d N . the total number of bolus and 

of insulin Pre£eraWy eXP " SSSd * 



25 



30 



35 



of insulin. 

12 
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P][ . insulin type of insuUn dose K. .... regular insulin or 

fast acting lispro insulin. 

insulin action remaining at time t„ tro 

F or the purposes of this specification ana the appended 

claims, insulin action is defined as the action of 

insulin to lower a patient ■ s blood glucose 

concentration. 

— rr,r. = "rr;; =~ - 

c - carbohydrate value indicating the amount one gram of 
" carbohydrates is expected to raise the patient s blood 
glucose concentration. 
, , . . maximum and minimum values, respectively, defining a 
target blood glucose range of the patient. 

blood glucose range. 

■■ S r=r=i"===."^= - ''" 
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With these definitions, future blood glucose value G(t -, is 
calculated according to equation ,1, : " 



10 Microprocessor 22 calmls^e * 

Mood glucose vaiuetta, UsuTr ^ ^ 

dose yalue l k and ins T "nsrtrvity vaiue s, insulin 

the patient L Z ^Z^T^ ^ ^ ' " 
action is su^ed as shl^Cd ^ iT ^ 

15 preferably measured a sufficient timo 

or_one r:::: r^rjr a£ter a ~ 

apparatus 10 insulin s ens it " enteri " 9 in 

25 hy po gly oe mi o tst* r*; " r° hydrate vai - c - 

diue K max, minimum value R • -.r,^ 



— ucol.1 J.JJ 

such as Eli Lilly and Company s website 



The 



. . ' " i -'"awuai/ insulin bck 

time activity profiles of 4„ e „i • ~ ' 

402. 1994, whrch xs hereby incorporated by reference. 

40 of t ime after iniectio T ^ aS a fu "«i°» 

curves deriyed^a .^Tr^T"? ^ 
curve « shows the percent of insulin ^JlZ^T^ 

14 
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after injection. 

value is determined from curves 42 or 44 by 
10 An insulin ^""^ injection , iocating the corresponds 
aetermining the trme after 1 ^ ^ appropriate curve , 

percentage of msuUn actron 

value . For example, if thp ^ ^ . nsulin 

15 the time after rn.ectxon eguals ^ ^ 

acti0 „ value is eterm, ^ ^ d ose 

r^i" - ^ — action reMlnin9 to lower e 

patienfs hlood glucose concentration. 

20 The insulin action curves shown f ™ 5 - ^tr, to an 
standard patient data. » » ^^aUy by establishing 
indivl dual P-^^rrt and then measuring the effect of 
basal homeostasis in tn P patient . s blood glucose 

» a supplemental insulin ose ^-^^ insul in a-, the 
eventration Aft«x ^ the perlod of 

-rrl^rdloftrernsulin to be fully absorbed. 

30 Th e measured blood glucose values a- ^ 

che patienfs blooc glucose - - atr^ ^ ^ 

after injection. The Ota ^ ^ subtracting th e last 
supplemental rnsulrn dose rs ^ The curve 

bl ocd glucose value from the first vaiue ^ 

35 is normalised by «*^» * ^ re£u L ny the total blood 
each point on the curve * chis yie lds an 

gl ucose drop. Normalizing the curv e n ^ 
Insulin action c^^^.^ — of day. to 

40 ::::::::: u*. — - - - 

aCti °" r^Lty beUved from standard insulin action 



action 
form. 
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35 



40 



5 curves or derived £rom an insulin actio „ ^ 

the pat . FIGS . 6ft md 6B show a first ed to 

which is derived from curve 42 t-h^ t . 

regular insulin. nSUl1 " aCtl<m CU ™ for 

10 FIG. 7 shows a second insulin action Tablo 3 u ^ u • J . 

curve «. the insulin actim c _ - -.ed f ram 

insula action table includes . £irst ^ ' 

pornts after injection end . second colum containing n9 

correeponding insulin action values. Microprocessor 22 „„ f k, 

described in the operation section below. 

The operation o f the preferred anient is illustrated in FIGS 
Lb / 9 " 2 ' S PrS£erred ~ th °° »f -in 9 the 

~= — r ~ . 

vcij.ue Rmax, minimum value Bm± 
target blood glucose value T. and the table values for determining 
re^n.ng »sulin action at corresponding times after injection 
The value, m ay be entered in apparatus » through input/outPut 
port 34 or keypad 16. The values stQred 

preferably selected under the supervision of a healthcare 
provxder. such as the patient's physician. 

insulin sensitivity value s is preferably customized to the 

-Lues, as will be explained in detail below 

av able It " ValUeS ^ inSUUn *" ^ «* 
" ' In thlS case ' ™sulin sensitivity value s is 

total daUy rnsul ln need. For example, if the patient's total 

value „ calculated as 50 mg/dl per unit of insulin. 

h^f C teChniqUes £or establishing carbohydrate value c 
hypoglycemic value H, maximum value w. minimum vaiue W and 



PCTYUS99/22586 



WO 00/18293 



, m are well known in the art. For 
t arget blood glucose value ar ^ ^ of 

i= many physicians prefer a mo/dl and 

example, many P y ose value o£ 120 mg/a 

100 - ISO mg/dl wrth a carbo hydrate value c is, 

. hypoglycemic value of 70 ^ ^ ^ weight For 

preferably select « «J^ twl typicaUy raises Wood glucose 
example, one gram of carbohy peQple who 

concentrations by 3 mg/a , 4 mg p 
wergh 90 kg. 70 kg. and 45 kg, 

■ - t„ m-edict a future blood 
ApP aratus » is used by - Patren o^red^ ^ ^ 
glucos e value and to generate c ^ blood glucose 

predicted value lies outsrde o ^ steps lnclude d in the 

range. FIG. 8* is a flow chart „ „ perfoOT theS e 

cMpu ter program ^ o£ the flow chart of ™. 
functions. Fifc>. 
8A 



in step m , microprocessor amines if the ^ - ^ 

selected the DOSE op option, 
25 If the patient ha= ^ _ entering and storing dose 

mi cro P rocessor 22 proceeds to step 
value I, and insulin type P.. 

To enter and store dose value In and rnsulrn type ^ ^ ^ 

preprocessor 22 ^f^J^ ^ ^ *~ ^ * 
INSULIN" on display 14. P pat ient is then 

int o microprocessor 22 through^ keypad^ qr 2 poR 

proWt ed with "ENTER INSULIN TYPE. » micropr ocessor 

0F XNIECTION OR PRESS 1 FOR CURRENT ^ ^ 

enters the date and t.me of n^ctr ^ a£ter 

a nd time if the dose entry £ m dpse value Ik and rnsulrn 

i " eCti0n - "r t" selected date and time. Followrng 
ty pe P* in memory step 
£tep 104. microprocessor 22 pr 
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5 In step 106, microprocessor ^ 

selected the "TEST BG OBt To„ V " ha = 

option from menu 46 Tf ► 

not selected the -test bo- option, microprocessor sV^"' 
step US. Xf the patient has selected the TEST BG """^ * 
nucroprocessor 22 promts the patient to „1- ! P 

blood glucose test strip and J i^"^".^. ™ °" ' 
guide 18, step 108. rip ln strip 

Glucose meter 28 measures th«- hi^w. 

jocose value G(ta) from t^^^'T"- »~ 
step 110 , hlood glucose value enter t e 7 i b n 1 ° 0d Sample ' * 

22 by glucose meter 28 m ^ / entered m microprocessor 
of the measurement and stored! ^ ^ - «- 

•(*.. is also displayed to £ ZZZTJ'^*™- ~« 

uispiay 14 m step 112 

in step 114, microprocessor 22 determines if rh 
selected the "PREDICTION" option from JL * ™"' ^ 
not selected the "PREDICTION" «n«- ■ the P atie "t has 

to step 118 . „ the ™ z s zz:z~ 22 

Microprocessor 22 executes a future b T ood PRED1CTI0N " 
5 module in step 1 16 . a. * " bl °° d 9luc °« ™l„ e program 
Oiucose value P ro 3 rJ^TL t£L£ ^ 
FIGS. JA and » a,d WU.*. descr ^ t ^ ^ *»« ° f 

executing the program module of step u. T ^ 
proceeds to step lla ' mcr °Pt°cessor 22 

I 

In step 118, microprocessor 22 de^™- 

selected the "VALUES " option L " ^ haS 

upcaon from menu 46 Tf t-v,^ 
selected the "VALUES " option m <„ Patient has not 

«■ « the patient jr^rrS."r-* * 
microprocessor 22 displays on display J^To ' 
window 58, step 120. In step * * the P«ameter value entry 
entered in microprocessor 22 f H u Parameter v «i»e s are 
™ory 2,. » ^ » ^ *" 

step 124. processor 22 proceeds to 

^™ r et ~ « «- — - 

upcaon rrom menu 46 Tf t-ho ~ _ • 
selected the "SEND" ont-i™ • Patient has not 

«• — rj^rr^i — 

18 
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*■ t-n connect modem 32 to a 
microprocessor 2 2 prompts -;- ° t ;: Mits the bl ood 
tel ephone line. "lees stored in memory 24 to 

gl ucose values and rnsulr . dose val ^ step 126 . 

healthcare provider colter 38 thr 9 
Microprocessor 22 then proceeds to 

In ste p r2S. microprocessor .T^JT^ 
selected the " RECEIVE " optron rorc ™™ „ retums t o 

not selected the "RECEIVE" ^ appar atus 10 is 

ste p i0 2 and repeats the has selected the 

turned off by the patrent. If t P ^ ^ comlect 

"RECEIVE" option. ^^^"^Zo, microprocessor 22 

36. 1 e 

Th e data' preferably inoludes an ^^J^^^lZ^eZ^ 
an d may optionally include new ~* J - ^ felood 

th e patienf s target blood « , ucos 9 ^ determining 
glu cose value, and new msu Un actro 22 st ores 

remaining insulin actron. In ste P ^ subsequent calculations, 
the received data in memory to ^ ^ 1M an(J 

"** 

patient. 

FIGS . 9R and 9B ^-rrr blood 

glu cose value program module of St ^p ^ ^ ^ 

preprocessor 22 for a default ultimate trme 

Mood glucose value G<t 3 > pre ^ ^ pREDICTI0N? 

point hy displaying the ««*^ ultimt e time point is 

y E S« ? " . m the preferred ^ „ inje cted hy the 
the time point at whrch the las 
P atient will be felly absorbed * ^ 

remaining, m response to a O r m response to a ^ 

tprrrre zzrzzx- ~ ~ - - — - 

the ultimate time point, step 204. 
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5 T ° SSt time fc i ^ to the ultimate tin, • 

retrieves from memory 24 the last- • P ° lnt ' Coprocessor 22 

corresponding insulin type p v "Tk " ^ Md 

insulin type P k is regu ^ * * Patient, if the 

from T ahle 1 th e time a f t es Sor 22 retrieves 

10 insulin action remaining 7 e"^^ C ° rres P°™^ to 0.00 

Pk ^ liSPr ° ^-P-IsLnrretrievefl ^ «°* 

time after Section value corre.n „• fr ° m Table 2 the 

remaining, i. e . 390 minutes * lnSUli " 

15 Microprocessor 22 add*: 

time tj e gual to the „ til J t * 31,13 S " S 

ultimate time point each . , . tj 1S Eela «^ to be the 

wiU have no remaining ^.S^T , "^"^ * °» 
>0 ™.croprooessor 2 2 sets ineoifn ao t ^ tj ' ^ ccor dingly, 

each dose value z„ stored n m e^/^ ^ 1 '<> ° *« 

*». microprocessor 22 proceeds! ^ F ° U ° Wi ' 19 

proceeds to step 212. 

If the patient has not selected fh= 

microprocessor 22 pr-pSlhfL^JT'" ^ f « 

displaying "ENTER TIME FOR ^ "» * 

tame tj i n microprocessor 22 in st.n ,"„. ChCT ente " 

microprocessor 22 determines insulin a , " ^ ' 2 "' 
*sa value * k stored in m ea,ory 2 4 " F > ( ^ *» «* 

dete^ines insulin action values ' l^ 0 "^ " Preferably 
interpolation. j> USln£ > 

The insulin action value FWfl f„, , 

in dependence upon^s Tori T * 

« the insulin type is reguiar ill " ^ P " 

deterges the insulin action value ^.t".'^""* * 
bet„een the vaiues listed in Tahle 1 ~ * . U,t ««««-» 
Uepro insuiin, mcroprocessor 22 det ' lnSU " n tyPe is 

value F^, by interpolating beLel ™ neS , the "= Ulin 
2. 9 et " een the v =lues listed in Table 

value X k indicating th e time ^ 
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f dose * Microprocessor 22 then retrieves 
, tim e of injection of ^ J action table . The four 
four values fro, the . n value Xo and its 

values retrieved are a first time a£ter 
corresponding insulin act.on value V„ jc a ^ 
injection value Xl and its corresponding msuli 

° value X, is selected fro m the appropriate 

TT tLirrs^ras" Rafter potion value 
value x k . value Xi Mictoproce ssor 22 preferably 

according to equation (2A) : 

( Xt - X0)(Y1 ^J^> (2M . 

-••nt enters a dose value indicating a dose 
20 F or exa^le. if the P*"""/ pM and speci£ies . tim e 

of regular insulin was injected a 12^ ^ a£ter 

tj of 2:20 PM ^croproce ~2 ^rs „ then 

section - - X k to he _ ^ ^ . 0 .70, X, 

retriev es fro. Table Microproce ssor 22 calculates 

25 irii" vTeV, - «- - fro, agnation <«, as: 

(14^0^11^1^-^ = 0.68 
Fk(tJ) = 0.70 + (150 _ 135 ) 

sor 22 thus determines that the regular insulin dose 
30 Microprocessor 22 thus insu iin action remaining 

n , 1 9 - n 0 PM will have 68% ot its m^u 

splfic technic for performing linear 
interpolations in this M nner are ««J~ » action 
th ose sUlled in the art will recogn * tha the ^ ^ 

in the interpolation. 

In step2 12 . -c»^7»srr^risr^w *« 

40 interpolation to de = e the insul^ ^ 

n:":/: :i * - — — — * aepenaence 
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5 UPOT itS ^"-Ponding insulin t . 

regular insulin, microprocessor Z „ ' lnSUUn tyPS is 

interpolating between the Hi * 
insulin type is Us ' Ues llst ed - Table 1. « the 

0 2. 3 Detween the values l isted ln Tafcle 

For each dose valup t 

injection value ^^ZT" " ' •**« 

f - the time o£ * inj J:; - between tirae 

retrieves from the appropriate ■ ■ MlCr ° proc — 22 then 
after Section vaiue^ h 1 c ^ " ^ «« time 

the second ti me after i^IoT ! 9 ^ 
corresponding insuIin ^ ^ « ^ and the 
the appropriate table as t-h« - ■ X ° 18 Selec ted from 

Closest to value Zj[ without^^^"^- 
selected as the time after injection , * *' 

table. Microprocessor 22 ca cul " ~ " ^ "* ° £ 
F*(t a) according to equation U B) i " S ' lli '' ""^ ^ 

•Xri - r 0 ) 

(2B) . 



Seating a d ose 

microprocessor 22 first . ^ time ^ is ll :0 0 PM 

30 - be ISO .nutes. JI ^ ^ ~ ^ * 

the values x„ . 15 „ minutes,'" 0 40 ^ fr » ™* * 

0-32. Microprocessor 22 calculate, ? = ^ minUteS ' ° nd *1 = 
<« the dose from equation ^ ^ 'alue ^ 

35 Acbi, = 0.40 + IH2_ Z J : 50)(0 1 32 JL 0.40) 

Microprocessor 22 thu<= ,w 

nnus determines that thP He„ 
injected at 8:30 PM has 40% of it, ■ , P ° lnSUl±n dose 

11:00 PM. in step 214 micro " " 
»0 future biood glucose v ; i :; C G r ; Pr ) OC a e ! SOr H 22 CalCUlatSS P-dicted 
«e 0(t 3 ) according to equation (l, : 
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bl ood glucose value G.f.) is than displayed to the patient 
Future blood glu micro processor 22 

on display 14. step 216. In step displa ying the 

determines i£ the patient wxshes to-e^ ^ 
pW t "DISPLAY GRAPH? YES^C, . In -po ^ & 

the patient. microprocessor 22 p r ° ce M executes . 

» a « mpnt from the patren mrcropro^ ^ ^ graph 

graph program module in step 2 ^ ^ ^ ^ 

prograB module are r 1 us r t n ^ ^ ^ 

^ir 0 rr e - -roprooessor 22 prooeeds to step 222. 

„ step 22 2. mioroprooessor - = ^ ^Z^^ 
e(tj) to maximum value «— « outside o£ the patient's 

i£ £ uture blood «t > ^ vaiue ^ „ ot lie 

target blood glucose range. If ^ required" is 

blood 3 ^ ... P™ — ends. 

1 0(f) lies outside of the target range, 
1( gluoose value Olt,) cQrrective acti0 n for the patient 

preprocessor 22 determrnes a correct ^ ^ 

and recommends the ^^^JlT, U glucose value .<«,> 
In step 226. microprocessor 22 do ^ ^ ^ not 

is g reater than maximum value w J ° ^ ^ to 

greater than maximum value W. ™crop 



step 231 



, . a(f ) is greater than maximum value W. 
I£ glucose value 0(f.) 8 p for the 

35 microprocessor 22 calculates ^ ■ «• *»• 

patient and ^mental insulrn dose 
Mioroprocessor 22 preferably s and a dit ferenoe 

Lt^ut" "e X and target blood glncose 

40 value T according to equation (3): 



(G(tj) - T)/S 
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After displaying supplemental insulin dose n mi - „ 

determines if m, d fc ■ ' "^©Processor 22 

termmes if the patlent wishes tQ enfcer 

r~ rrrr — 

10 the patient, the program laTxe ^ ' " ^ 

^c r o Pr0 ce SS ot 22 Proceeds to 3te P 232 err;;:;; r Es input - 
~ ».rr^ ™ rr iy d ™ -* 

s wing step 232, the program module ends. 

, . , . P °- " 9luCose °(tj) lies below 

hyphema value H, microprocessor 22 audibiy alerts the 
by caus^ speaker 54 to emit audible tones, step 236 T Ls 
alerts ^ he ^ ^ ^ Thrs 

hypoglyce^a unless a carbohydrate supplement is ta kj. 

rr=-i— = - — - : - - 

recordation to consume nu^er of grams b. step 238 Foil • 

C and bne Terence beZen ^5^- 
target blood glucose value T according to eguation ,4, : 

B = (T - G(t 3 ))/ C (4) 

If future blood glucose valu? ct*- \ ■ 
value H. then g luC ose 12 To<l ' £ 

u , e fa(t 3> lies m a range betwPPn 

hypoglycemic value „ and minimum value W J^T. 

JL diSPla - '° -tient -POSSIBLE FUTURE 

H»S T , SUBSEQUENT GLUCOSE MEASUREMENT !N 1 5 

HOURS , step 240. Following step 240 the r,r„ 
Because the patient's blood , 9ram m ° dUle ends ' 

is presently P re"rre d nTt C ° Se C °™ ati °" "bound, it 
unless £ uture P S: e od re g U c 0 e vai~ ' C f»**"« 
value „ SlUe 0(t J> 1S be l°» hypoglycemic 



value H. 
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rhe steps included in the 
FIG. 10 i. a flew ^"V"";^ in ItePS 30, - 310. 
graph program module of step 2 _ predicted future blood 

coprocessor 22 ^ e »"%^e points "between time t a and time 
glucose values for varrous trme por ^ ^ 

tj . The future blood values ar e ^ 

alternative embodiments. 

t -me f equal to time t a pl uS 
In step 302. microprocessor 22 sets r , ines insuli n 

£ive mi nutes. * ~ ".^T^ — * " 

actlon values for ^ described with 

step 304 is analogous to step 21 p 22 calcu lates 

ref erence to F». 9, In step 06. «= £ ^ „ step 

future blood glucose value G(tj) 
L previously described with reference to ' 

In step 30S, mrcroprocessor 22 dete^ne £ isj-ter^ 

than or e*ual to the ultimate u» . po£ at . ^ 
d „se * injected by the patrent «^» or ^ to the 
remaining. If time t, rs not greater ^ ^ ^ 

ul timate time point "processor 22 tben repeats 

1 tj ri -;rr— . — «- bi °° d 9iucose 

steps 304 



value. 
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I£ tiM . is greater tban or e. - - ^^I'tbe 
mi croprocessor 22 generates displays gr a P h 4S on 

related —-^ ^3,, tbe graph program 
display 14. step 322. Foil ^ Une 52 

m oduleends. As shown in ™. chreshold and line 53 

indicating the patrent s ^ ^ „ 3 

indiCati : 9 ptien ^ d t rTne 9 the time point at which he or she 
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5 The diabetes management system of the w » 

significant ov V er co ;Lt 0 nTa ent h lnVenti ° n 3 

syst^s by alerting the patient to tL K 

patient to take early corrective !! t ^ all °™ 9 the 

10 system are unable to account for theT' T^™ 1 ' 
insulin doses an d Thl f r T ^ aC "°" 
supplements to pre-meal times. T hu s ° n 

systems. the patient mt w . t J^' » these conventional 

^ ny.erglycemua. and M y develop hypo^^^;™ 

The following is an illustrative example of h 
assists a patient in preventino hi , apparatus 20 

example assess the patienT his -Is. The 

->/<U Per unit, a target ^ , ^"-tivity value of 40 

- W . a target ^^^1 uTol ^ l"" " "° 

- » n^l. a. a --^^T^^T^ 

::rr u : r — - - -• 

25 bolus insulin and injects 15 meal """^ 15 «* 

-fient records t^^™^^ f ^ ™' »» 
in apparatus 10 . At bedtime. « ^ ?^ * 
10 to measure his or her blood „ " USeS a PParatus 

Produces and displays to the t APP " St ™ " 

30 of «o Th ; t „r he :T a current hi °° d ^ 

-ure blood glucose value T^TZ . » — « " 

8:30 P„. Microprocessor^ a Elates T"^ * ^"^ " 
* to be 150 Microprocessor 22 ^ injeCti0n ValM 

» the values x 0 . 150 minute! y ? ^ Table 
= 0.32. Microprocessor 22 calculate,' • , ml nutes. and Y 2 

from agnation ,2B, as: C ° 1CUlateS — action value r k( t a , 

*><E<(| = 0.40 * (15 ° ~ 150)(Q.32 - 0.4 0) 

(lii^iijj =0.40. 
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Ited at 8-30 PM has remaining insulin action. 
) dose injected at s.ju *- nred icted blood glucose 

c^-r 92 then calculates the predicteu « 
Microprocessor 22 tnen 

value at 3:00 AM according to equation (1) as. 

G(tj ) = 480 - 40(15 x .40) = 240 mg/dl. 

completely absorbed. The pred ^coprocessor 
Chan the patient .s »d«. ^ " Qr the patient ana 

, 0 22 calculates a supplemental insulin dose I ^ 
displays the recommended supplement on display 11. The 
f UP pleLntal dose „ is calculated from agnation ,3. as. 

„ . (240 - 1201/40 - 3 units o£ supplemental insulin. 

25 , a1 ^eniin dose and records the 

The -^.«^-^r^^T«- supplemental insulin 
dose value in apparatus iu glucose in 

dose, the patient ^^£^1^ ~ - 
place of hyperglycemia. An ad u ed blood glucose 

3„ be determined from the dose values ^ morning , the 

values recorded in appara us _ ^ ^ ^ 
patient measures his or her P ^ 
using apparatus 10. Tne p be dtime and before 

values and blood glucose values measured 
35 breakfast to healthcare provider computer 30. 

An edited insulin ^ 
provider computer 30 by subtracting the pre ^ 
jocose value from the bedtime bloo S u e v lue^ ^ 
40 divided by the total number of uni s of nsu^ ^ 

fining insulin action at bedtime _ The n ^ ^ 

rai^r rr:: rr=^ - - .e 
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fraction 
action. 



10 



15 



of any piously injected ^ ^ 

An illustrative example will now be given usina th* 
presented above where* t-ho „ • 9 S5me Values 

previous 15 unit insulin dose is 0.40. The present ? 
further assumes a pre-breakf a .t- hi * The P rese »t example 

a pre Breakfast blood glucose value of no 
measured the following morning. The adius^H 

calculated as: justed sensitivity value is 

»- (480 - 138,/ (3 + (15 x o.40,) = 38 mg/dl per uni , 
The insulin sensitivity value S i, r^-F U1 
values. calculated sensitivity 

» -x- ~: ~ — ~ — - 
Moca 91U co Se value at ll:00 PM is now a -- - r,::;"? 

Microprocessor 22 calculates -the predict-^ i 

AM from equation (1, as: P»^<*ed glucose value at 3:00 

30 G(tj) = 280 - ^(15 x .40, = 40 mg /dl. 

The predicted value of 40 mg/dl is less than the patient's 
hypoglycemic value of 70 mg/dl According ■ 

of grams of carbohydrates is calculate , * 
calculated from equation (4, as: 

B = (120 mg/dl - 40 mg/dl) /4 = 20 grams. 

40 The patient consumes the carbohydrate «„„ i 

avoids hypoglycemia. °^te supplement and successfully 

SUMMARY, RAMIFICATIONS, AND SCOPE 
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Although the above description contains many specificities, these 
should not be construed as limitations on the scope of the 
invention but merely as illustrations of the presently preferred 
enfcodiment. Many other embodiments of the invention are possxble. 
For example, the system of the invention may be implemented in 
^ different hardware configurations. It is presently preferred 
to provide the patient with a small, portable apparatus to 
facilitate use of the apparatus throughout the day. 
alternative embodiments, the apparatus may comprise a personal 
computer, a multi-media processor connected to a television, or 
any other electronic device capable of performing the functus 
described. 

Additionally, the system is not limited to establishing a 
cogitation lint hetween the apparatus and healthcare provide 
computer through a teiephone line or data connection cord Those 
skilled in the art will recognize that the apparatus may be placed 
in communication with the healthcare provider computer through a 
computer network, a wireless communication network, or a data 
storage card, such as a smart card, exchanged between the 
physician and patient. Specific techniques for 
communication links between a physician and a remotely located 
patient are well known in the art. 

The insulin sensitivity values and insulin action values for 
determining remaining insulin action may differ in 
embodiments. The values shown in the preferred embodiment are 
exempiary of one possible embodiment of the invention and are not 
r t le7to limit its scope. Further, the insulin action values 
My be derived from standard data or derived from the 
"Lose values and insulin dose va!ues of an individual patient. 
The insulin action values may be further customized to the 

ividual patient in dependence upon the P-^^™^ 
of insulin administration, e.g. syringe injections into the thigh, 
gut. or arm, insulin pump administrations, or inhalation. 

Further, the insulin action values need not he stored in tabular 
form, in an alternative embodiment, the apparatus stores first 
„7second mathe^tical equations derived from the insulin «ion 
curves The first equation expresses remaining insulin action 
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a faction of time a£ter lnjection o£ a dose 

The second eguation egresses refining lnS ulin accL as a 

an. emhodiment. the apparatus deterMnes „ insuUn * 
W determining the time after inject . on ^ calcuu 
10 ™a» action value using che e ^ atlon corresponding ^ 

of insulin injected. ype 

The preferred embodiment includes a patient-operated apparatus and 
a healthoare provider colter in conation wlth ^ 

Thi * configuration of system counts i. P resentiy 
preferred for ease of setting, storing, and justing the targeu 
Wood glucose value and insulin sensitivity value of the pa"l t 
under the supervision „ f a . P£«t 

2 0 a s b " reC09nlZe —tus "-"^ 

also he programed to adjust the patienfs insulin sensitivi" 
value besed upon the stored blood gluoose values and insulin dose 
v lues, eliminating the need for the healthcare provider 
if Physician review is deemed unnecessary. 

" lltl rT tlY Pre£er " d ^ in=1Ude 3 bl °° d «« in the 

pparatus for automate, entry of hlood glucose values. However 
the apparatus need not include a hlood. glucose meter. in Z 
alternative emhodiment, the hlood giucose meter is separate from 

^ ^ aPP3ratUS tteOT * ^ ™. m another 
emhodiment, the Mood glucose meter is connectahle to the 
apperetus through a serial input/output port for automated 
uploading of the hlood glucose values, similarly, in e*odiments 

5 Lilt \2TIT " hiCh inClUde " ^ "» — — -t he 
hunt into the epparatus. m alternative emhodiments. the 
apparatus ^y be adapted to receive & # 
well known in the art. 

Moreover, the ap par at us is not limited to storing p atient data 
. relating only to hlood giucose en d insulin d ose values In 

alternative emhodiments, the apparatus also stores guidelines for 
diet, exercise, end other therapy p ara meters. Purthl the 
apparatus may he programed to pronpt . patient £or data r 
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t-n display recommended guidelines to 
to the therapy parameters and to display 

the patient. 

Addlti onally. th e invention „ a- ^ blood 
elation system for ^ iMulin do£e 

C ° ntr0l - se r t a « 7 ^^ea — — and tfce *loo d 
values are representatrve o ^ ^ glucose 

glu cose values are various insuli n dose values 

concentrations, ^"f^llation syste. to learn tneir 

w of ^ invention should be determined not by 

equivalents . 
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What is claimed is: 



Patient p rior to time "; lln d ° Se ^"-tered to the 
a memory means for storing ^ • 

r ™ ative of ^: n s ;::«^ — 

for storing information for 6 P " lent 

value Fkltd) representative of a Tr " 9 " lnSUlin aCtiM 
fining at ti„ td £rom ^ " «*- 

-~oe~i — ■ - - ~ 

- deterging a A^r^^r^ ^ 

?s * srrs blood 91ucose 

dependence upon said Mood glucose ^ ' - 
insulin dose value said ^ ^d^said 
-i- actron va lue F k u d 7 ; ZT"^ ^ - 

*) a display means connected f n 

said future M ood glucost llZ ^T' ^ 
Patient to ta.e t ln ,el y oorrectL ' ^ enaMinS 
H^o 9ly ce mi a or hy per 3ly oeTa " " ™' 

defining Ttal et J "* mini ™ Valu - 

p~^?r s tr co d s :t ran9e . of thepatie - - 

Wood glucose value G , ^ dete ™"9 « said future 
and .eans for ^ — 
Patient „„en said future M J ™ C^" f HeT 

=:sl;;;v ar9et - - — 1. 

the patient "Ending said corrective action to 
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, s of claim 2, wherein said memory means 
. The apparatus of claim tarae t blood 

further includes »«n. for "orxng a targe 
glu eose vaiue of the ^J^^ ***** 

fining said ----- ^ a » ^ . 
aepenaence upon said iusu U„ - ™ ^ 
,. ffprence between said future moou y 
t\lTZ -id target Wood giucose va lu e. 

,. T he apparatus of ciai- 2, wherein 

further inerudes m eans for storing a a 9 a 
gl ueose vaiue of the patient, -d e r ^ 

;=:a:r ~ 
::l foo — 

^"rj^ laid target Mood gVueose 
value . 

, • i wherein said memory means further 
The apparatus of claim 1, wherein indic ative 
deludes means for storing a «^ r 
o£ a hypoglycemic threshold o he patx . ^ ^ 

value G(t 3 ) Ires means connecte d to said 

apparatus further compr ses au ^ future 

P-cessor for audibly , aler n th ^ 
blood glucose value G(t 3 ) lies 
value . 

Th e apparatus of cXai, 1. --^ansTorTasuring a 
cerises a bl ood grucose -«ur n ^ ^ 

^r^^rr.:— o t said bl ood 



sample. 



„. .„,«.. ...» — »^,rr," 
-sxrr-riS- ■ 
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determining said insulin action vaiue 
upon said insulin type 



10 



8- The apparatus of claim 7 , „ hereln - sald inEul 

selected fro m the group consisclng o£ - 
and lispro insulin. n 

The apparatus of claim 1, wherein sairi ™- 

means for determining an w^l"^,^'- 

representative of a frart-i™ ■ , . 

sard future blood glucose value G(f) in f 

upon said insulin act ion value P^, ^ 

Hit::?: o£ - claim wherein — ™- 

means for determining an ultimate „ • fc 



means for deterge, a plurality of future blood glucose 

12. Tbe apparatus of clain, 1. further COInpri . 

«■» cation n ea„s corrected to said processor for 
establish ng a congestion link between said apparatus 
-Cr^— - «« ~- and 

13. The apparatus of claim n u 

. m 12 ' wherein sa id communication 

means comprise; a tt,^~~ 

rnm . mpriSes a mod «n means for establishing said 
communication link fhm,,^ 

on imJc through a communication network. 

14. The apparatus of claim l? ,,v, 

moar , Claim 12 ' therein said communication 

means comprises an uon 

prises an input /output port for establish-;., 
said communication lin* tbrou gh a connection^ 1 " 
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far assisting a patient having diabetes mellitus in 
15 . a system for assisting P COIn prising: 

controlling blood g ucose said sys vaiue o(td) 

" - " PUt mSanS a " lucose concentration of the 

representative o a blood g ^ ^ value 

^ren^r/rin^in dose administered to tbe 
pscient prior to ^ ^ ^ values 

M ; e = n^- rrr - 

insniin — ^^-S for determining 
sensitivity of the patient * ntative of a fraction 

^cesser connected -aid ^ ^ n ^ 
means for determining said insulin a 

•„„ a future blood glucose value G(tj) 
aetermining a future concen tration 

representative of » J"***^ £or determ ining a corrective 
o£ tbe patient at time t and ^ 
•ction for tbe patient when wherein s aid 

said insulin action value F k( t a ) . and 
d) a display means connected to ^ . 

recommending said corrective action to tbe P 

, ■ n wherein said memory means further 

the patient, said corrective action c mpris a 
Ministration of a supply in ul m ^ 

processor ^^^^L^L. upon said insulin 
supplemental insulin dose in P ^ 
sensitivity value and a dl££ «^" blood glu ccse 

Mood glucose value Gttj) and said target 



value . 
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;ri;=^r,;— - - -~ - 

18. The system of claim 15, wherein 

includes means for storing a h Lo ^ fBrth « 

system further comprises audio means connected to said 
value _ 3 ' lleS below sai <3 hypoglycemic 



19. The system of claim 15, wherein • fc 

• ^ measuring mel" ^ JZ^VZ' 1 ~ 

aeterminin, said insulin actio™ Te^ce 
upon said insulin type. Penaence 

21. The system of claim ^ where . n sa . d 

selected from the group consisting o £ regular Z, L 
and lispro insulin. lln 

22. The system of claim 15, wherein «,»^ 

— ^ deterging an I^^T^T^ 
representative of a frart-inr. * • 

upon said insulin action va^P^, 
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me ans for setting txme tj equal 



10 point 
24. Th- 



f claim 15, wherein said processor includes 
The system of claim £uture b i ood glucose 

m eans for determine P lur 1 ty ^ ^ 

values representative of a corre P ^ ^ 

f claim 15 wherein said input means includes 
25 . The system of claxm biood „ values and 

means for enters ^T^. and said system further 
. plurality of msuUn dose «1 n „ ith said 

emprises glucose values and said 

processor for ™<*«^ calculating fro™ said blood 

25 insulin sensitivity value. 

* n, of claim 25, wherein said input means, said 
26 . The system of and said display means 

30 arS inCl ^Lises a healthcare provider 

computing means comprises a coramun ication 

computer, and said «^^^ establi shing a 
mea ns connected to sard processo ^ 
communication link between sard appara 
healthcare provider computer. 

Woin S aid communication 

The sYst : r :ie:Ti r^ri: — 

^Lirr UnK through a — - — " 

* i.i. ?fi wherein said communication 
The system of claim 26, where 
means comprises an input/output port or 
establishing said communicatron Hnlc through 



27. 



28. 



connection cord. 
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29. A method for as^icHn 

— entsring . blood gl : 0 :r: a = u ^ ; « ^ 
p^rr^t^r 9lucose — of the 

:::;r to said — * • - — — . «~ 

W storing in said memory an in _„, . . . . 

representative of anlsui" ^ 
O storing in said ™ Ulln se " s ««ity of the patient; 

insnifn aot^n va^V^ T" *» d ^~ 9 an 
insulin act-ion . • ■ 

representative of a fraction of 

d) entering in said ' " * *»~"» *~> 

e) deter^g in said processor in=uiin actim ^ 

f ' - ^d— - »- ^ 

, -..ing said ^ - _ 

actron to prevent hypoglycemia or hyporgiycomia. 
30. The method of claim oq * 

fining in ! ^ «- «• » f 

-P-sentative of rfrnction "f aCti °" ValUe 
remaining at time t f £ractlOT ° f insulin action 

said future Mood g lJ c Z T ^ ^ «» 

further -^^CT^T" ^ 

Pon said insulin action value F k (t). 
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The method of claim 29, wherein the step of determining 
said future blood glucose value G(t 3 ) is preceded by the 
steps of determining in said processor an ultimate time 
point at which said insulin dose will have no 
action remaining and setting time tj equal to said ultxmate 

time point. 

The method of claim 29, further comprising the steps of 
' determining in said processor a plurality of future blood 
glucose values representative of a corresponding plurality 
of expected blood glucose concentrations of the patient and 
displaying said future blood glucose values in graphical 
form on said display. 

The method of claim 29, further comprising the steps of 
" storing in said memory maximum and minimum values defining 
a target blood glucose range of the patient, determining m 
said processor if said future blood glucose value G( tj ) 
lies outside of said target range, determining in said 
processor said corrective action for the patient when said 
future blood glucose value G( tj ) lies outsxde of said 
target range, and recommending said corrective action on 
said display. 

34 The method of claim 33, wherein said corrective action 
' comprises an administration of a supplemental insulin 
dose, and said method further comprises the steps of 
storing in said memory a target blood glucose value of 
the patient and determining in said processor saxd 
supplemental insulin dose in dependence upon said 
insulin sensitivity value and a difference between said 
future blood glucose value G( tj ) and said target blood 
glucose value. 

35 The method of claim 33, wherein said corrective action 
comprises a consumption of a number of grams of 
carbohydrates, and said method further comprises the 
steps of storing in said memory a target blood glucose 
value of the patient and determining in said processor 
said number of grams in dependence upon a difference 
39 
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between said future blood glucose value G(tj) and said 
target blood glucose value. 

36. The method of claim 29, further comprising the steps of 

storing in said memory a hypoglycemic value indicative of a 
hypoglycemic threshold of the patient, determining in said 
processor if said future blood glucose value G(t-j) lies 
below said hypoglycemic value, and audibly alerting the 
patient when said future blood glucose value G(t-j) lies 
below said hypoglycemic value. 

37. The method of claim 29, wherein said input means comprises 
a blood glucose meter and the step of entering said blood 
glucose value G(t d ) comprises the steps of measuring a 
blood sample of the patient with said glucose meter and 
producing said blood glucose value G(t d ) from a measurement 
of said blood sample. 

38. The method of claim 29, wherein said insulin dose has an 
insulin type, said method further comprises the step of 
entering said insulin type in said processor, and said 
insulin action value F k (t d ) is determined in dependence 
upon. said insulin type. ----- - 

39. The method of claim 38, wherein said insulin type is 
selected from the group consisting of regular insulin 
and lispro insulin. 

A method for assisting a patient having diabetes mellitus in 
controlling blood glucose, said method comprising the following 
steps: 

a) providing the patient with an apparatus for determining a 
future blood glucose value G(tj) representative of an 
expected blood glucose concentration of the patient at time 
t-j, wherein said apparatus comprises a memory, an input 
means for entering a blood glucose value G(t d ) 
representative of a blood glucose concentration of the 
patient at time t d and for entering an insulin dose value 
representative of an insulin dose administered to the 
patient prior to time t d , a display, and a processor 

40 
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display; sensitivity value 

coring in said memory " ^ ^ of the patient, 
representative of an insU ^™ s ulin lotion value F k (t a ) 
.formation for aetermr a . » ^ ^ 

lues defining a target flood glucose range of the 

, * ^ —in ^ ~* -« 

blood glucose value G(t d ) ; 
„ .etllning in saia processor saia insulin action value 

„ fining in saia processor saia future ^glucose 

a »4H insulin action value F k (t d ) ; 
value, and said insulin ^ 

display. 

v. * f rlaim 40 further comprising the step of 
41. The method of claim 40. lnsu i in action value 

determining in said ^-^^Lulin action 
Fk(tj) - - cti^ ^ ^ ^ 

remaining at time t 3 determined in 

said future hlood glucose val «0 « ^ ^ _ 
further dependence upon said insulin 

42 . Th e method of claim 40, wherein the step - determining 

£ — WOOd 9lUC ° Se ^ I O sor an ultimate time 
st eps of determining in said nQ insulin 

sr: ri* r^^~"^ - — 

time point. 
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43. The m ethod of elai m 40. further comprising the , of 
oeter^nrng in said processor a « 

displaying said future blood glucose valu*, 

form on said display. * " 9ra P hi «l 

44. The method of claim « 0 . wherein said 

comprises an administrat--;™ ^ action 

said wrY . target blood^jlucose value of th T" * 

a difference between^ ^t^T""' ^ "* 
, . , ™ e oiood glucose value Git ) 

and saxd target blooa glucose value. ' 

45. The method of clai m 40. wherein saia corrective action 

or storing m said memory a taroet ki««h i 
the patient ana determining in sa L cro ' ^ * ° f 
of gran, in aepenaence upon a dl« Pr ° CeSS ° r S " d — *« 
^te biood 3lU cose.ar G :tr^ b ~ b ^ 
glucose value. 

storing m said memory a hypoglycemic value indicative of a 
hypoglycemic threshold of the patient ^ ■ ■ 
processor if said future bJ Zf^ ' determin ^ *n said 

blood glucose value G(t-j) lies 
below said hypoglycemic value and aurf.Ki , 
patient when said future blooH f Y 3lertin ^ 

blood glucose value G(t-j) lies 
below said hypoglycemic value. 

?T e value — st 2"^^^- 
of said blooa sample. * meaS ™ e « 
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^-~"-ir-~=; 

said insulin action value F k (t d ) 
dependence upon said insulin type. 

49 . The — ccia^e, Z^J^Z^ 
selected from the group consrstrng o 
and lispro insulin. 

, • an further comprising the steps of 
,. The method of clarm 40. o£ blood gluco se 

entering in said processor a plural r y determinin9 
valu es and a plurality of 

from said blood glucose val s and a ^ 
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